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Abstract 
Urban transformation is an emerging topic in recent years and its socio-economical and 
environmental impacts have become increasingly evident to scientists and policymakers. 
The ability to analyse and understand this process was limited by the lack of 
comprehensive datasets and formalised methodologies. The Global Human Settlement 
Layer (GHSL) suite accommodates this need by providing worldwide, multi-epoch 
information on human settlements. In particular, the GHSL suite includes three main 
layers that map built-up density (GHS-BUILT), resident population density (GHS-POP) 
and human settlements (GHS-SMOD). These grid-based layers are produced in a 
consistent and harmonised way for four epochs (1975-1990-2000-2015) allowing the 
comparison between different periods. In this technical report, we present a formalised 
methodology (workflow) to characterise and analyse the dynamics of settlements. This 
workflow proposes a taxonomy of all possible GHS-SMOD classification combinations 
between two epochs; it quantifies and analyses changes of built-up surface and 
population density in each taxonomical class within a selected area. We show the 
workflow capability by using the region of New York (United States of America) and 
Colombia as case studies.  
The presented workflow has a direct application to characterise urban dynamics using the 
GHSL. Such approach supports the assessment of urbanization processes, by monitoring 
urban expansion, contraction and rural-urban transitions, and by measuring sustainable 
urban development metrics. The application of this workflow allows taking into account, 
both and separately, the net and the gross change in built-up surface and population 
density within an urban settlement evolution. Moreover, the application of this workflow 
to the GHSL suite benefits of the full range of GHSL features (global coverage, data 
consistency and open and free data format). 
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1 Introduction 
1.1 Overview 
The GHSL combines information on the distribution of built-up areas and population. The 
application of the GHSL suite to map human presence on Earth (Pesaresi et al. 2016) has 
provided snapshots of global urbanisation in different epochs and has reported on the 
demographic growth and spatial expansion of human settlements between 1975 and 
2015. The GHSL serves applications in disaster risk management, urbanisation and 
sustainable development with its free and open data and in so doing, it supports the 
Group on Earth Observations Human Planet Initiative.This technical report presents the 
GHS-SMOD taxonomy of classification change model and grid based analysis to 
characterise and study the dynamics of settlements in terms of area involved, built-up 
surface and population density. 
1.2 Rationale: the SMOD taxonomy of change 
The use of the GHSL suite for urbanisation and urban expansion analyses can be brought 
forward by developing a methodology to analyse multitemporal changes in the SMOD 
classifications (e.g. the change from a “rural” classification to a “Low Density Cluster” 
classification). The multitemporal variations in the GHS-BUILT and GHS-POP determine 
the transition of 1km grid cells or groups of cells from one classification to another. 
The SMOD taxonomy of change (Table 1) allows identifying the transition of land at the 
1km grid cell scale according the SMOD classification (see Data description section for 
details) between epochs (t1 and t2). Table 1 gathers all possible combinations of the 
SMOD classification change that might occur in a given time span. The taxonomy of 
change model, applied to the SMOD and the derived GHS-BUILT and GHS-POP statistics, 
allows to determine in which measure the changes over time in built-up areas and 
population totals per SMOD class are driven by net growth within a stable class of the 
SMOD (areal extent of the class is constant) or involve dynamic grid cells (areal extent of 
the SMOD class varies between epochs with cells reclassified between epochs). The 
taxonomy formulation is proposed at two levels. One that considers the full range of 
SMOD classes, another one, aligned to the Degree of Urbanisation formulation (thus 
aggregating unpopulated and rural SMOD classes). The variations of the GHSL baseline 
(GHS-BUILT and GHS-POP) between two epochs drives the SMOD classification change 
therefore the analysis of the GHSL baseline can explain the land conversion processes. In 
fact, between two epochs a grid cell may change and meet the criteria for a different 
SMOD classification (Table 1). The analysis of GHS-BUILT and GHS-POP at the grid level 
identifies areas of increasing or decreasing densities, and it measures the different 
intensities of these processes in different transition classes 
Table 1. Possible combinations of land classification in GHS-SMOD between epoch t1 and t2. UNP 
correspond to the unpopulated class; RUR correspond to the rural class; LDC corresponds to the 
low-density urban class; HDC corresponds to the high-density urban class (see Data description for 
details on GHS-SMOD classification). 
 
Time 2 (t2) 
GHS-SMOD 
Classes 
UNP RUR LDC HDC 
T
im
e
 1
 (
t 1
) 
UNP UNPt1 -> UNPt2 UNPt1 -> RURt2 UNPt1 -> LDCt2 UNPt1 -> HDCt2 
RUR RURt1 -> UNPt2 RURt1 -> RURt2 RURt1 -> LDCt2 RURt1 -> HDCt2 
LDC LDCt1 -> UNPt2 LDCt1 -> RURt2 LDCt1 -> LDCt2 LDCt1 -> HDCt2 
HDC HDCt1 -> UNPt2 HDCt1 -> RURt2 HDCt1 -> LDCt2 HDCt1 -> HDCt2 
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The analysis of SMOD dynamics outputs an area in km2 per each class of the proposed 
taxonomy in a given area of interest. A layer representing landmass information is useful 
to calculate relative covers. It can be obtained using a water presence layer. 
The difference between built-up layers of two epochs represents variations in built-up 
density. 
The difference of population layers between two epochs gives positive and negative 
balances in the abundance of people per 1km grid cell. 
Figure 1. GHS-BUILT 1990 and 2015 and change between the two epochs in the area of Lagos 
(Nigeria) 
 
Figure 2. GHS-POP 1990 and 2015 and change between the two epochs in the area of Athens 
(Greece) 
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2 Data description 
The Global Human Settlement Layer (GHSL) is a suite of data and tools produced at the 
European Commission - Joint Research Centre and supported by the Directorate-General 
for Regional and Urban Policy. The GHSL suite includes three main layers, respectively 
mapping: built-up surface (GHS-BUILT), population density (GHS-POP) and rural/urban 
settlements (GHS-SMOD). These raster layers are produced in a consistent and 
harmonised way for four epochs: 1975-1990-2000-2015. GHS-BUILT and GHS-POP are 
hereafter referred as GHS baseline data. The implementation of the proposed method for 
grid-based analysis relies on the GHSL baseline data: GHS-BUILT, GHS-POP and GHS-
SMOD at 1km grid resolution. 
2.1 Built-up 
The GHS-BUILT data grid is a multitemporal information layer on built-up presence, 
which has been derived from Landsat image collections (GLS1975, GLS1990, GLS2000, 
and ad-hoc Landsat 8 collection 2013/2014) (Pesaresi, et al. 2016; JRC 2016).  
Figure 3. GHS-BUILT layer built-up density in Shanghai (China) 
 
2.2 Population 
GHS-POP is a spatial raster dataset that represents the distribution and density of 
population, expressed as the number of people per cell. Residential population estimates 
for target years 1975, 1990, 2000 and 2015 provided by CIESIN GPWv4 were 
disaggregated from census or administrative units to grid cells, informed by the 
distribution and density of built-up as mapped in the GHS-BUILT global layer per 
corresponding epoch (Freire et al. 2015; 2016; JRC 2016). 
Figure 4. GHS-POP layer population density in Madrid (Spain) 
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2.3 Settlement Model 
The SMOD data package (JRC 2016) represents the application of the REGIO-OECD 
“degree of urbanisation” (Dijkstra and Poelman 2014) model (i.e. the population-based 
classification schema of urban and rural areas) to the data environment generated by the 
GHSL for the four epochs 2015, 2000, 1990, and 1975. The GHSL SMOD is a 1km grid 
layer that classifies each grid cell into the following classes: a) unpopulated area; b) rural 
area (RUR); c) Low Density Cluster (LDC); d) High Density Cluster (HDC). Table 2 lists 
the SMOD classifications, the associated numeric and colour codes in the GHS-SMOD 
layers, and the three typologies of criteria (population, built-up and grid cells contiguity) 
used to classify the grid cells. Some modifications to the “degree of urbanisation” method 
were applied during the porting. Such modification are: i) the introduction of the rural 
“unpopulated” class (i.e. kilometric cells with no population); ii) the inclusion of the 
additional density of built-up surface threshold for selection of urban centres (i.e. cells 
containing at least 50% of built-up coverage were included in the processing of “High 
Density Clusters”); and iii) a simplified version of the spatial generalization process 
applied to the HDC. Each grid has been generated by integration of the GHSL baseline 
data on built-up areas produced from Landsat image (Pesaresi et al. 2016), and 
population data derived from the CIESIN GPW v4 (Freire et al. 2015). 
Table 2. GHS SMOD classifications and criteria 
SMOD GHSL Code Criteria – Population 
thresholds 
Criteria – Built-
up  
Contiguity 
Classification Numeric Colour 
(RGB) 
Total 
population 
Population 
Density 
Density Number of 
cells 
High Density 
Cluster 
(HDC) 
3 Red 
255, 0, 0 
50 000 1 500  
>50% 
(OR 
population 
density) 
4-
connectivity  
+ gap 
filling  
Low Density 
Cluster (LDC) 
2 Orange 
255, 170, 0 
5 000 300 
- 8-
connectivity   
Rural Area 
(RUR) 
1 Green 
76, 230, 0 
> 0 < 5 000 - Single or 
contiguous 
Unpopulated 
(UNP) 
0 240, 240, 
240 
- - - - 
 
Figure 5. GHSL SMOD layer codes in Moscow area 
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3 Methodology 
Figure 6 shows the methodology and the workflow implemented to apply the SMOD 
taxonomy of change approach. First step is the selection of the temporal span in which 
the classification change should be performed. Second step is (i) the classification of the 
grid with the corresponding taxonomy class (see section 3.1, Table 3 and Table 4), using 
the GHS-SMOD layers in t1 and t2 to generate SMOD-TC layer, and (ii) the application of 
spatial analyst operations on the GHSL baseline layers to calculate at grid level the 
variations of population (DiffPOP = GHS-POPt2 – GHS-POPt1) and of built-up surface 
(DiffBU = GHS-BUt2 – GHS-BUt1) between t1 and t2. The three resulting global layers 
(SMOD-TC, DiffBU and DiffPOP) are here presented by selecting two case studies (one at 
national level and one at city level) along with some potential analyses that can be 
conducted. The selected areas of interest (AOI), both between 1990 and 2015, are: (i) 
an entire country (Colombia), where the method produces statistic on all transitions 
toward SMOD 2015 classes, and (ii) the New York HDC, where in 2015 all grid cells are 
classified as HDC. This specific case is appropriate for retrospective urban expansion 
analysis to separate the changes in built-up areas and population in the stable class (the 
stable core of the HDC) and that due to an areal expansion of the HDC (i.e. SMOD 
reclassification). 
Figure 6. Methodology workflow 
 
Taxonomy of change 
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In general, the proposed taxonomy of change is aimed at identifying the transition of the 
land at 1 km grid level according the GHS SMOD classification between epoch t1 and t2. 
To achieve a full integration between the GHSL SMOD and the Degree of Urbanisation, 
two levels of encoding are proposed. Level 1, in line with the Degree of Urbanisation 
formulation, joins SMOD classes 0 (unpopulated) and 1 (rural), for a total of 3 classes 
and 9 possible transitions. Level 2 maintains these latter two SMOD classes 
disaggregated, proposing 4 classes, thus 16 possible transitions. 
3.1.1 Level 1 encoding 
Table 4 lists all possible combinations of the SMOD classification change that might occur 
in given time span at Level 1. The SMOD taxonomy of classification change model relies 
on the coding of the possible SMOD combinations between time 1 (t1) and time 2 (t2) 
(whereas time 1 is prior to time 2) starting from the four SMOD classes. The first digit 
corresponds to the SMOD class of destination at t2 (e.g. HDC 3), the second the origin 
class at t1 (e.g. LDC, 2). The resulting taxonomy coding (e.g. 32) is a two-digit code. The 
taxonomy 32 corresponds to a grid cell classified in the SMOD at t1 as LDC and that is 
reclassified in the SMOD at t2 as an HDC. The same principle applies to the other 
combinations. 
Table 3. Level 1 taxonomy of change coding 
 Time 2 
T
im
e
 1
 
Classes RUR LDC HDC 
RUR 11 21 31 
LDC 12 22 32 
HDC 13 23 33 
3.1.2 Level 2 encoding 
For a full exploitation of the data contained in the SMOD, a second level encoding (Level 
2) is proposed. Level 2 maintains RUR and UNP separate. The coding is made of 4 digits, 
two corresponding to the coding at t2 and the last two corresponding to the SMOD 
classification at t1. The unpopulated SMOD classification is classified as 10. Table 4 below 
displays the coding strings for all Level 2 combinations.  Annex 1 presents the colour 
coding utilised in the visual representation of the results of the GHSL SMOD Taxonomy of 
classification change model in a GIS environment. 
Table 4. Level 2 taxonomy of change coding 
 Time 2 
T
im
e
 1
 
Classes UNP RUR LDC HDC 
UNP 1010 1110 2010 3010 
RUR 1011 1111 2011 3011 
LDC 1020 1120 2020 3020 
HDC 1030 1130 2030 3030 
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3.2 Classes of changes 
Classes of change are interoperable between Level 2 and 1, whereas the latter retain one 
class less (UNP), so a full set of combination less. The discussion below is presented for 
the more articulated Level 2, it is transferable to Level 1 and at the end of the section a 
synthetic cross-comparison is offered.  
From Table 1 it is possible to identify three taxonomy types (Table 5): 
1. Stable classification (1010, 1111, 2020, 3030) grid cells that maintain their class 
between t1 and t2; 
2. Progress change, grid cells that in t2 satisfy the classification criteria for the next 
classes; this group is divided in 3 sub-classes: 
o +1 class change, taxonomies 1110 (UNP to RUR), 2011 (RUR to LDC), 
3020 (LDC to HDC); 
o +2 classes change, taxonomies 2010 and 3011; 
o +3 classes chance, taxonomy 3010 
3. Regress change, grid cells that in t2 no longer satisfy the classification criteria for 
their class at t1; this group is divided in 3 sub-classes: 
o -1 class change, taxonomies 1011, 1120, 2030; 
o -2 classes change, taxonomies 1020 and 1130; 
o -3 classes change, taxonomy 1030 
Table 1 can be simplified by aggregating classes 2 and 3 into a broad taxonomy to 
classify stability or change (Table 6). 
Table 5. Classes of changes 
Time Time 2 
Classes UNP RUR LDC HDC 
T
im
e
 1
 
UNP Stable +1 +2 +3 
RUR -1 Stable +1 +2 
LDC -2 -1 Stable +1 
HDC -3 -2 -1 Stable 
Table 6. Simplified Level 1 and Level 2 classes of SMOD taxonomy dynamics 
Taxonomy Class Taxonomies 
 Level 1 Level 2 
Stable 11, 22, 33, 44 1010, 1111, 2020, 3030 
Change 12, 13, 14 
21, 23, 24 
31, 32, 34 
41, 42, 43 
1011, 1020, 1030, 
1110, 1120, 1130, 
2010, 2011, 2030, 
3010,  3011,  3020 
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Figure 7. GHSL Settlement Model for epochs 1990 and 2015 and extract of the GHSL SMOD 
taxonomy of classification change codes, in the area of Geneva (Switzerland)  
 
 
4 Applications 
The proposed approach is tested at Level 2 in two contexts. The first one, at national 
level (Colombia), the second one at city level (New York HDC 2015). In principle, the 
approach can be applied at any spatial unit bigger than the 1km grid, for example at 
subnational level (e.g. at Nomenclature des Unités Territoriales Statistiques NUTS 1, 2, 3 
in Europe, or at federal, provincial and municipality levels), at national level, or at 
supranational level (e.g. per continent or major area of the world, and by other country 
groupings). The application at national level is useful to determine the patterns of urban 
expansion and urbanisation, while that at city level is useful to determine at finer scale 
the processes of urban dynamics. 
4.1 National level 
This section presents the taxonomy of change at national level in the case of Colombia. 
Figure 8 maps the overall SMOD taxonomy of changes in Colombia between 1990 and 
2015. The related statistics are displayed in Table 7. In stable classes population in 
Colombia increases by 716,000 in rural areas, by 279,000 in LDC, by 7 million people in 
HDC. Densification of HDC and LDC settlements results into more efficient use of land. 
Rural to urban transition (taxonomies 2011 and 3011) correspond to the absolute urban 
expansion. It accounts 2.35 million people, and 2164 km2 and 279 km2 of rural 
settlements are reclassified respectively into LDC and HDC. Considerable loss of 
population (around 80,000 people) determines regress SMOD classification in the 
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taxonomies 1030 and 2030. More considerable population decline takes place in 
taxonomy 1120 (LDC to RUR) with a net loss of 989,000 people. 
Figure 8. SMOD Taxonomy of change Level 2 applied to Colombia (1990-2015) 
 
Table 7. Colombia 1990-2015 change taxonomy statistics (area, built-up areas change, population 
change) 
Taxonomy Overall surface 
(km2) 
Built-up areas 
change  
(km2) 
Population 
change 
(persons) 
1010 1,031,782 0.0 0 
1111 42,984 168.3 716,339 
1011 34,413 0.0 -41,015 
1110 25,709 162.9 2,166,451 
2011 2,164 92.5 1,786,339 
1120 754 9.1 -989,581 
2020 2,791 86.9 278,812 
2010 592 30.2 685,845 
1130 5 0.1 -81,502 
2030 25 1.3 -83,737 
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3030 2,155 145.6 7,021,487 
3020 611 59.8 1,736,538 
3011 279 29.5 566,152 
3010 46 3.1 78,248 
4.1.1 Rural-urban dynamics 
At national level, it is of main interest to analyse transition of grid cells from rural (RUR) 
to urban classifications (LDC + HDC) to analyse the process of urban expansion. To do 
so, the taxonomies are aggregated (Table 8). In the area of interest of Colombia, 36% 
of the urban areas in 2015 are consequence of rural-urban transitions (whereas 64% of 
the urban extent was already classified as urban area in 1990). Urban built-up areas 
variation is given by local increase by 61% in areas already classified as urban areas in 
1990, and by 29% by built-up areas in transition taxonomies. Urban population change is 
largely determined by stable urban areas (80%), while 20% of the urban population 
(about 2.1 million people) is linked to rural-urban transitions. Remarkably population 
growth in urban areas in stable taxonomies is related to a 30% increase of the local 
population. Instead, the contribution of dynamic areas, showed an increase of more than 
3 times the population of 1990. 
Figure 9 shows the frequency distribution (in number of 1 km grid cells) of SMOD 
taxonomies. The majority of land mass in Colombia is classified as stable unpopulated 
area (class 1010). Urban-rural transitions take place in 0.3% of the land mass, or in 4% 
of the populated areas. 
Table 8. Simplified rural <> urban and urban <> rural taxonomies 
Rural-Urban Urban-Rural 
2010, 2011, 3010, 3011 1130, 1120 
 
Figure 9. Frequency distribution of SMOD taxonomies in Colombia between 1990 and 2015 
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4.2 City level 
This section is divided in three parts to analyse the results of the GHSL SMOD taxonomy 
of classification change model and the grid based analysis in the GHS-BUILT and GHS-
POP multitemporal difference. The case study of New York (United States of America) is 
presented. The case study is a specific case of the model. It focuses on the grid cells 
classified as HDC in 2015 (New York HDC 2015) and it detects the changes in the 
classification within that area between 1990 and 2015. The example is presented with 
statistics of areal extent of the different classes, population and built-up density changes. 
In the following sections the net and gross expansion are presented. Net growth is 
conceptualised as the increment in population and built-up areas within the stable HDC 
grid cells (3030), while the gross considers all changes (composed by acquisition of 
existing assets plus local growth) that took place over the observed period within the 
boundaries of the New York HDC 2015. This case study is an example of application of 
the model to monitor city dynamics. In first part we analyse the growth in each 
taxonomy class; in the second we study the urban dynamics by comparing net and gross 
growth. 
4.3 SMOD dynamics 
The surface of New York HDC 2015 is 4515 km2. In 1990, the surface was 3400 km2 
(areal extent of class 3030). Between 1990 and 2015 the surface of the HDC increased 
by 25% (equivalent to 1115 km2). Most of this expansion took place at the edges of the 
stable HDC core (3030) and it is determined by a progress change (3020) of LDC grid 
cells. Change class 3020 is responsible for more than 70% of the spatial growth of New 
York (equivalent to 864 km2). Rural to urban transition (class 3011) took place in 246 
km2 of New York surroundings. Five km2 of uninhabited areas are in 2015 reclassified as 
HDC, this behavior can be determined by the SMOD gap filling rule (Table 2). At the 
same time taxonomies 2030, 1130 and 1030 represents the city shrinking, showing 
those areas that were HDC in previous epoch and don’t meet anymore the HDC criteria. 
New York does not show this dynamics between 1990 and 2015. 
Figure 10. New York SMOD taxonomy of change 
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Table 9. SMOD Level 2 dynamics of change and areal extent statistics 
SMOD 
Taxonomy 
Area km2 
3010 5 
3011 246 
3020 864 
3030 3,400 
HDC2015 4,515 
4.4 Built-up grid changes 
The surface of built-up areas in New York HDC 2015 is 3530 km2 (taxonomy classes 
30xx), while it was 2873 km2 in the same area in 1990 (2458 km2 in 1990 New York HDC 
extent, taxonomy class 3030). The built-up area difference of 657 km2 within the area of 
analysis is the new built surface. Most considerable increase took place in the stable core 
(394 km2 the net growth) equivalent to 60% of the total growth within the boundaries of 
New York HDC 2015. Another 30% of the built-up growth took place in class 3020 (203 
km2), 10% of the built-up growth occurred in taxonomy 3011 supporting a rural to urban 
transition. In taxonomy 3010 little built-up change is accounted.  
Chart 1 shows the built-up density increment between 1990 and 2015 per taxonomy of 
SMOD change. Most considerable increment took place in taxonomy 3011 (+24.5%) and 
in 3020 (+23.5%). In class 3020 built-up density transitioned from 42% to 67%, in 3011 
it doubled (from 20% in 1990 to 44% in 2015). Density increased also in the stable core 
(3030) where the average increased from 72% to 84%.  
 
Figure 11. New York built-up areas density change (1990-2015) 
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Table 10. SMOD Level 2 taxonomy of change and built-up areas statistics 
SMOD 
Taxonomy 
BU 1990 
km2 
BU 2015 
km2 
ΔBU km2 
3010 0.0 0.0 0.0415 
3011 48.3 108.9 60.635 
3020 366.2 568.9 202.64 
3030 2458.5 2852.2 393.7 
HDC2015 2873.0 3530.0 657.0 
 
Chart 1.  Density of built-up change per SMOD Taxonomy of change Level 2 (1990 - 2015) 
 
4.5 Population grid changes 
New York HDC 2015 population is 15.18 million (taxonomy classes 30xx), while it was 
14.06 in the same area in 1990 (13.14 million in 1990 New York HDC extent, taxonomy 
class 3030). The population difference of 1.13 million within the area of analysis is the 
demographic growth: the stable core (3030) is responsible for 90% of that. In taxonomy 
3030 population increased by 8% (equivalent to 1 million people – net growth). 
Population has increased by 12% in taxonomy 3020 (+107 thousand people) and by 
20% in 3011 (+5.7 thousand people). In 2015, the stable core population density 
exceeds 4100 inhabitants/km2 while it was 3800 inhabitants/km2 in 1990. Population in 
taxonomy 2011 increased by more than 5000 individuals.  
 
Table 11. SMOD taxonomy of change Level 2 and population statistics 
SMOD 
Taxonomy 
Pop 1990 Pop 2015 ΔPOP 
3010 0 19 19 
3011 28,715 34,393 5,678 
3020 887,930 995,220 107,290 
3030 13,140,000 14,157,000 1,017,100 
HDC2015 14,056,645 15,186,632 1,130,087 
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Figure 12. New York population density change (1990-2015) 
 
 
4.6 Urban dynamics 
Chart 2 shows the dynamics happening in New York between 1990 and 2015. The urban 
area increase by 25%. In particular, 78% of it is due to LDC to HDC transition, and 22% 
to rural-urban transition. New York increment of population and built-up areas between 
1990 and 2015 are composed by: increment of local population or built-up surface in 
stable HDC (net urban growth); existing 1990 population or built-up surface in dynamic 
areas, and increment of population and built-up surface in dynamic areas (both together 
are the gross urban growth). 
The stable HDC area of New York is responsible 37% of the urban built-up areas 
increase, and 50% of the population increase in New York (net urban growths). Dynamic 
areas, contribute to:  
1. Built-up areas (gross urban growth) 
 38% of increase in built-up surface with built-up areas existing in 1990; 
 25% of new built-up areas expansion occurring in: 
o 97% in class 3020; 
o 3% in 3011; 
o <0.1% in 3010. 
2. Population (gross urban growth) 
 45% of urban population growth due to people living outside New York HDC in 
1990; 
 5% of new urban population due to demographic growth in: 
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o 95% in 3020; 
o 5% in 3011; 
o <0.1% in 3010. 
 
Chart 2. Urban dynamics by built-up areas, population and areal extent composition in New York 
2015 HDC  
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5 Conclusions 
This report has: 
 presented the SMOD model; 
 proposed a taxonomy to classify, map, and assess multitemporal changes 
between SMOD classes; 
 presented the methodology and process to analyse the multitemporal changes at 
the grid level in the GHSL layers; 
 illustrated its application to the city of New York (USA) 
The proposed approach model is based on the SMOD layer and on the GHSL baseline 
data. From the SMOD it was derived a 4x4 matrix of the 16 possible taxonomies of SMOD 
classification changes between two SMOD layer epochs. The model provides the coding 
(numeric and colour) to classify the taxonomies. 
To carry out multitemporal grid based analysis the model suggests the geospatial and 
statistical processing to derive GHSL baseline statistics per change class. 
The report shows example applications at national level (Colombia) and at city level 
(HDC, the New York HDC 2015) to quantify and monitor the different typologies of grid 
transition. Both at national and city level it can be applied to differentiate between the 
demographic evolution of urban population due to variation of the extent of urban areas 
and pure demographic dynamics within urban areas. The graphical output of the 
taxonomy of change could highlight the generation of polycentric urban areas showing 
process of urban centres merging across epochs. This can be a proxy for an entity based 
analysis. The taxonomy classes can be used for land use efficiency (SDG 11) studies of 
new urban areas, sprawl, densification and infill. 
The same methodology can be applied to larger territorial extents to monitor progression 
changes like: the transition from rural to urban classification change (at level 2: 2011, 
3011), the change of urban classification (3020), or the shift from uninhabited land to 
rural areas (1110). The model also allows monitoring of regression changes like urban 
shrinking (2030 and 1120).  
With the grid based analysis of the GHSL baseline layers (GHS-BUILT and GHS-POP) it is 
possible to determine the drivers of classification change (e.g. population decline). The 
disaggregation of the different taxonomies of change allow to monitor net and gross 
growth of population and built-up in the Degree of Urbanisation classes. Among the 
possible applications, the model can serve urbanisation analysis to determine whether 
the process of population growth in urban areas (LDC and HDC aggregated) is mainly 
driven by change in the SMOD classification or, as in the case study of New York almost 
completely by increased population density in the stable core. Additional evolution of the 
model should consider: i) frequency distributions of taxonomies of change, ii) multi-
epoch taxonomies considering more than two epochs (e.g. 1990-2000-2015).  
Finally, accuracy of analyses conducted with the GHSL SMOD taxonomy of classification 
change approach may be heavily dependent on reliability and detail of the multitemporal 
input datasets, i.e. GHS-POP and GHS-BUILT.  
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Annex  
Annex 1. SMOD Taxonomy of classification change colour coding  
 
Table A RGB colour coding for SMOD Taxonomy (Level 2) 
Time Time 2 
Classes UNP RUR LDC HDC 
T
im
e
 1
 
UNP 240, 240, 240 163, 255, 115 255, 235, 175 255, 190, 190 
RUR 225, 225, 225 76, 230, 0 255, 211, 127 255, 127, 127 
LDC 204, 204, 204 56, 168, 0 255, 170, 0 255, 0, 0 
HDC 178, 178, 178 0, 115, 76 168, 112, 0 168, 0, 0 
 
Table B RGB colour coding for SMOD Taxonomy (Level 2, numeric labels) 
Time Time 2 
Classes 10 11 20 30 
T
im
e
 1
 
10 240, 240, 240 163, 255, 115 255, 235, 175 255, 190, 190 
11 225, 225, 225 76, 230, 0 255, 211, 127 255, 127, 127 
20 204, 204, 204 56, 168, 0 255, 170, 0 255, 0, 0 
30 178, 178, 178 0, 115, 76 168, 112, 0 168, 0, 0 
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